Probabilistic Fatigue: Computational Simulation 


Christos C. Chamis 

National Aeronautics and Space Administration 
Glenn Research Center 
Cleveland, Ohio 44135 
Ph: 216-433-3252 

Email: christos.c.chamis@grc.nasa.gov 


ABSTRACT 

Fatigue is a primary consideration in the design of aerospace structures for long term durability 
and reliability. There are several types of fatigue that must be considered in the design. These 
include low cycle, high cycle, combined for different cyclic loading conditions - for example, 
mechanical, thermal, erosion, etc. 

The traditional approach to evaluate fatigue has been to conduct many tests in the various 
service-environment conditions that the component will be subjected to in a specific design. 

This approach is reasonable and robust for that specific design. However, it is time consuming, 
costly and needs to be repeated for designs in different operating conditions in general. 

Recent research has demonstrated that fatigue of structural components/structures can be 
evaluated by computational simulation based on a novel paradigm. Main features in this novel 
paradigm are progressive telescoping scale mechanics, progressive scale substructuring and 
progressive structural fracture, encompassed with probabilistic simulation. These generic 
features of this approach are to probabilistically telescope scale local material point damage all 
the way up to the structural component and to probabilistically scale decompose structural loads 
and boundary conditions all the way down to material point. Additional features include a multi- 
factor interaction model that probabilistically describes material properties evolution, any 
changes due to various cyclic load and other mutually interacting effects. The objective of the 
proposed paper is to describe this novel paradigm of computational simulation and present 
typical fatigue results for structural components. Additionally, advantages, versatility and 
inclusiveness of computational simulation versus testing are discussed. Guidelines for 
complementing simulated results with strategic testing are outlined. Typical results are shown 
for computational simulation of fatigue in metallic composite structures to demonstrate the 
versatility of this novel paradigm in predicting a priori fatigue life. 
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Fatigue is a primary consideration in the design of aerospace structures' 
for long-term durability and reliability. 


♦ There are several types of fatigue that must be considered in the design, 
such as: low cycle, high cycle, combined for different cyclic loading 
conditions - for example, mechanical, thermal, erosion, etc. 

♦ The traditional approach to evaluate fatigue has been to conduct many 
tests in the various service-environment conditions that the component 
will be subjected to in a specific design. 

• This approach is reasonable and robust for that specific design. 

• However, it is time consuming, costly and needs to be repeated for 
designs in different operating conditions in general. 
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* There is a continuing need to develop a method to reduce cost in 
long-life fatigue evaluations. 

* Recent research has demonstrated that fatigue of structural components/: 
structures can be evaluated by computational simulation based on a 
novel paradigm. 



Describe the novel paradigm and present structural component results that 
illustrate versatility, inclusiveness and that - YES IT CAN BE D ONE! 




(P p ^itpuew :Bjep iBioemuadxi) 
peoi oipAo jspufi ajopejj e/yssajSojd 


NASA/CP— 2002-211682 488 



NASA/CP— 2002-211682 489 



* Progressive Structural Fracture 
« MFJM for Material Behavior 

* Telescopic Scale Mechanics 
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« MF1M •••■ Behavior Illustration 

• Blade Ilerrnoroechanlcal Fatigue 

* Two-Stage Rotor Fatigue 

• Tank Fatigue 

* Large Shell Fatigue 



- GRC Simulation 
■ GRC Simulation 

- SWRI Simulation 
•••• GRC Simulation 
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STRUCTURAL SYSTEM RELIABILITY CONSIDERING 
PROGRESSIVE FRACTURE EXAMPLE 


Crack Growth: Bottom Events Modeled through Node Unzipping. Each 
Bottom Event Corresponds to Crack Initiation or a Crack Growth Increment 
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Fatigue Calculations 

Number of Cycles to Grow Oracle 
Computed! Using Crack Growth Law 
Given Crack Increment 
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MM ARY: 


• Probabilistic fatigue by computational simulation is doable and can be 
adapted throughout the design practice. 

* One way to enhance its implementation is to identify appropriate staff 
and task them to do it. 

* The method constitutes a "virtual” statistical desk-top laboratory 
applicable at all stages of the design, development and service life cycle. 

• Probabilistic fatigue evaluations rely on computational simulation results 
while statistic methods rely on experimental data. 
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WHAT IS THE FUTURE OF PROBABILISTIC 
FATIGUE METHODS? 


♦ The future is an exponential use of Probabilistic Fatigue Methods because 
the drive for Better-Cheaper-Faster engines necessitates quantification of 
risk for the utilization of unproven: 

— Design Concepts 
— Material 
— Processes 
~ Etc. 

* Probabilistic Fatigue Simulation is the most effective formal method to 
quantify risk and justify commitment of required resources. 




